Refugee camps are particularly vulnerable to measles outbreaks because of high population densities and the frequent influx of new populations with circulating measles virus from areas with low measles vaccination coverage [1] [2] [3] . Somalia, located in the Horn of Africa and with a population of 9.5 million in 2011, has endured civil war and periodic drought and famine for >2 decades, resulting in large refugee populations in Kenya and Ethiopia [4] . War and the absence of a stable centralized government destroyed public health infrastructure, leading to an estimated child mortality rate of 180 cases per 1000 live births in 2011, one of the highest rates in the world [4] . In Somalia, nongovernmental organizations (NGOs) and United Nations (UN) agencies, in collaboration with local government, provide basic health, nutrition, and immunization services.
Nationwide measles vaccination campaigns were conducted in Somalia during [2005] [2006] [2007] , targeting children aged 9 months to 14 years, and campaigns in 2009 targeted children aged 9-59 months [5] . Measles incidence decreased 80% during 2005-2008 [5] . However, in 2011, a large nationwide measles outbreak occurred, with an incidence of 1542 cases per million persons [6] ; the outbreak extended to Ethiopia and Kenya, where a large proportion of cases (32% in Ethiopia and 24% in Kenya) were among adults ≥15 years of age [6] .
In July 2011, the UN declared the worst famine in a generation in 2 regions in south-central Somalia [7] . The severe drought and ongoing armed conflict led to mass exodus of an estimated 1.5 million persons to safer areas and to camps in Ethiopia and Kenya [7, 8] . As a result of this population movement, the Dadaab refugee complex in eastern Kenya experienced a population increase from 127 387 to 443 974 persons between 2005 and 2011 [9] . In 2011, approximately 75 000 newly arriving refugees settled in unplanned areas surrounding the camps; in August 2001, the new camp Kambioos was added to the 3 existing camps of Hagadera, Ifo, and Dagahaley. During 2010-2011, the estimated population in the Dollo-Ado refugee complex in southern Ethiopia increased from 46 000 to >142 000 persons, and 3 new camps, Transit, Kobe, and Hilaweyn, were added to the existing camps of Bokolmanyo and Malkadida.
The UN High Commissioner for Refugees (UNHCR), with the Kenyan and Ethiopian Ministries of Health (MoH), the World Health Organization (WHO), the UN Children's Fund (UNICEF), and NGOs provided protection, food, shelter, water and sanitation, education, and health and nutrition services to refugees in the Dadaab and Dollo-Ado camp complexes [9] . At camp registration, newly arriving refugees received food rations, nonfood items, and age-appropriate vaccinations recommended by the UNHCR. Free health services and routine immunizations, including measles vaccination for children 9-59 months of age, were provided to refugees at 3 main hospitals and 17 health posts in Dadaab and at 1 main hospital and 5 health centers in Dollo-Ado. Additionally, measles outbreak response immunization (ORI) activities were implemented by the Kenyan MoH, the Ethiopian MoH, the UNHCR, and UNICEF in 2011. The coordination role was taken jointly by the UNHCR and the MoH in both countries and with the Administration for Refugee and Returnee Affairs in Ethiopia. The objectives of our investigation were to describe the epidemiology of the measles outbreaks in Dadaab and Dollo-Ado and the consequent outbreak response activities that occurred in 2011.
METHODS
Clinicians at hospitals and health posts/centers identified suspected measles cases by using the WHO measles case definition, consisting of illness with fever, maculopapular rash, and at least 1 of the following: cough, coryza, or conjunctivitis [10] . Persons from Dadaab and Dollo-Ado camps with measles-related rash onset during 6 June-11 November 2011 and 9 July-31 October 2011, respectively, were included in the analysis. Suspected cases were recorded on a line list containing information on age, sex, location in camp, date of rash onset, date of case detection, and outcome, including date of death. In Dadaab, additional information was recorded on signs and symptoms, date of camp arrival, and measles vaccination status, determined by parental or case-patient recall. Line-list data were crosschecked with aggregate weekly reports for completeness.
Serum specimens were collected from suspected measles cases and sent to either the National Measles Laboratory in Nairobi or the National Laboratory at the Ethiopia Health and Nutrition Research Institute in Addis Ababa. Each specimen was tested for measles virus-specific immunoglobulin M (IgM) antibody, using a standard enzyme-linked immunosorbent assay [11] . If the test result was negative, the specimen was tested for rubella virus-specific IgM antibody. Laboratory testing was stopped once the measles outbreak was confirmed in each camp, in accordance with WHO guidelines [12] .
The time of measles exposure was classified as "prior to arrival" if onset of rash occurred within 6 days of arrival to the camp and as "indeterminate" if rash onset occurred 7-21 days after the date of camp arrival; otherwise, the time of exposure was defined as "after arrival" [13] . A measles-attributable death was defined as death within 30 days of rash onset without any other identified cause of death (eg, trauma). Camp-specific measles attack rates (ARs) were calculated by dividing the number of reported measles cases by the UNHCR-estimated population data for each camp. Measles case-fatality ratios (CFRs) were calculated using the line-listed data. ORI vaccination coverage estimates were calculated using the administrative method and a cluster survey for 3 camps in Dadaab or a cluster survey in Dollo-Ado in November 2011; methods were described elsewhere [14, 15] . Because most mothers did not have vaccination cards, their recall had to be used to estimate vaccine coverage in the surveys.
The analysis presented here was based on data from existing, anonymized, line lists of patients collected as part of a disease control activity. The Centers for Disease Control and Prevention determined that this analysis constituted routine public health activity and not human subject research, and it was therefore exempted from institutional review board review. The MoH of Kenya and Ethiopia participated as part of their routine outbreak control duties, but no formal ethics review for the study was sought.
RESULTS

Dadaab
Outbreak Characteristics
In Dadaab, 1370 measles cases and 32 measles-attributable deaths (CFR, 2.3%) were reported during 6 June-11 November 2011 (Table 1 and Figure 1 ). Cases were evenly distributed by sex; 693 (50.6%) were female. Twenty-one (80.8%) of 26 serum specimens tested positive for measles virus-specific IgM antibody, and 1 (3.8%) tested positive for rubella virus-specific IgM antibody. Of 1366 cases with age data, 821 (60.0%) were ≥15 years of age (Table 1) .
Cases among persons ≥15 years of age were first reported in week 27 (the fourth week of the outbreak). The weekly percentage of cases ≥15 years of age ranged from 16.7% to 77.9% (median, 53.4%). Of the 1104 cases (80.6%) with information on date of arrival and date of rash onset, 107 (9.7%) were exposed prior to arrival to the camp, 931 (84.3%) were exposed after arrival to the camp, and 66 (6.0%) had an indeterminate place of exposure. Persons ≥15 years of age accounted for 56 cases (52.3%) of those exposed prior to arrival to the camp. Overall, 906 cases (82.1%) were among new refugees that had arrived to the camps during 2011. Of the 1290 cases (94.2%) with known vaccination status, 263 (20.4%) received at least 1 dose of measles vaccine.
Among the 32 patients with reported measles-attributable deaths, 2 (age-specific CFR, 1.3%) were aged 0-11 months, 5 (CFR, 3.4%) were aged 12-59 months, 2 (CFR, 1.4%) were aged 5-9 years, 2 (CFR, 1.9%) were aged 10-14 years, 1 (CFR, 0.6%) was aged 15-19 years, 6 (CFR, 2.9%) were aged 20-24 years, 5 (CFR, 2.9%) were aged 25-29 years, 2 (CFR, 1.5%) were aged 30-34 years, and 7 (CFR, 5.2%) were aged ≥35 years. Twenty-two of the reported measles-attributable deaths were among females (sex-specific CFR, 3.2%), and 10 (CFR, 1.5%) were among males. Of the 28 reported measlesattributable deaths (87.5%) with information on date of arrival, 23 (82.1%) were among persons who had arrived to the camps during 2011. Twenty-nine (90.6%) of the measles-attributable deaths were among unvaccinated persons. Fifteen deaths (46.8%) in Dadaab were among unvaccinated women ≥15 years of age (7 [21.8%] occurred in those aged ≥30 years). The overall CFR was 2.3%, and camp-specific CFRs ranged from 0% to 6.0% (Table 1) .
Routine and ORI Activities
In response to the outbreak, the target age group for routine measles vaccination in health clinics was expanded from 9-59 months to 6 months-14 years on 19 July 2011 ( Table 2 ). The target age group for nonselective measles vaccination (ie, no screening for vaccination status or prior disease history) of newly arriving refugees at camp registration was expanded from 9-59 months to 9 months-14 years on 28 March 2011 (ie, before the sudden influx of new arrivals and the outbreak described here) and to 6 months-30 years on 14 August 2011 (ie, after the age profile of the outbreak was determined and vaccines could be procured). Measles vaccination was provided for The outbreak in Dadaab began on 6 June, and the outbreak in Dollo-Ado began on 9 July.
all hospitalized pediatric patients 6 months-14 years of age without a diagnosis of measles and for their household contacts aged 6 months-14 years without documentation of prior vaccination. Nonselective mass vaccination campaigns were conducted during 28 March-7 April, targeting children 9 months-14 years of age, and during 1-5 August, targeting children 6-59 months of age. A nonselective ORI campaign was conducted during 12-17 September 2011, targeting adults aged 15-30 years, and was followed by a decrease in overall reported cases and a decrease in the proportion among adults (Figure 1) . In August 2011, nutrition and vaccination cluster surveys found that, according to maternal recall, 84% of children 9-59 months of age in Dagahaley camp and 89% of those in Hagadera and Ifo camps received at least 1 dose of measles vaccine [14] .
Dollo-Ado
Outbreak Characteristics
In Dollo-Ado, 407 measles cases and 23 measles-attributable deaths (CFR, 5.6%) were reported during 9 July-31 October 2011 ( Figure 2) ; 26 additional cases occurred during this period, but they lacked line-list information. Of reported cases, 225 (55.3%) were among women, and 182 (44.7%) were among men. All 5 cases with serum specimens tested had measles virus-specific IgM antibody identified. Of the 407 cases, 178 (43.7%) were among persons ≥15 years of age (Table 3) . Case patients ≥15 years of age were first reported in week 29 (the second week of the outbreak). The weekly percentage of cases among persons ≥15 years of age ranged from 18.2% to 77.4% (median, 50.3%).
No information on vaccination status or time of exposure (ie, date of arrival to camp and date of rash onset) was systematically collected in the Dollo-Ado camps. Thirty-five cases (8.6%) were among persons who resided in the camp prior to the 2011 influx of refugees; 372 (91.4%) were reported from newly settled Kobe, Hilaweyn, and Transit camps. Reported measles ARs ranged from 21 to 1100 cases per 100 000 population.
Among the 23 patients with reported measles-attributable deaths, 2 (age-specific CFR, 28.6%) were aged 0-11 months, 12 (CFR, 20.0%) were aged 12-59 months, 2 (CFR, 1.6%) were aged 5-9 years, 1 (CFR, 2.6%) was aged 10-14 years, 2 (CFR, 4.7%) were aged 15-19 years, 1 (CFR, 2.9%) was aged 20-24 years, 1 (CFR, 2.5%) was aged 25-29 years, 1 (CFR, 3.2%) was aged 15-19 years, and 1 (CFR, 3.23%) was aged ≥35 years. All deaths were registered in camps hosting exclusively newly arrived refugees. Sixteen reported measles-attributable deaths were among females (sex-specific CFR, 7.1%), and 7 (CFR, 3.8%) were among males. The overall CFR was 5.6%, and camp-specific CFRs varied from 0% to 10.9% (Table 3) .
Routine and ORI Activities
In Dollo-Ado, routine measles vaccination was offered to children aged 6-59 months in all health facilities and to new arrivals prior to the outbreak (Table 2) . After the start of the outbreak, the target age group for routine measles vaccination Figure 2 . Reported measles cases and cumulative median age, by week of rash onset, Dollo-Ado, Ethiopia, 2011 (n = 433). The arrow indicates a nonselective outbreak response immunization campaign targeting refugees 6 months to 14 years of age. This graph includes 26 cases that had information reported only for week of rash onset; these cases are not included in Table 3 . The age of patients was not recorded in line lists after week 38.
for new arrivals was expanded to 6 months-14 years in August 2011 and to 6 months-30 years in September 2011. During 11-27 August 2011, a nonselective measles vaccination campaign was implemented in Dollo-Ado, targeting 18 000 children aged 6 months-14 years. In November 2011, nutrition and vaccination cluster surveys found that, according to the recall of mothers, 97.6% children 9-59 months of age in Kobe camp and 95.5% in Hilaweyn camp received at least 1 dose of measles vaccine [15] .
DISCUSSION
In 2011, during a complex humanitarian emergency, large laboratory-confirmed measles outbreaks occurred in refugee camps among 600 000 Somali refugees in Dadaab, Kenya, and Dollo-Ado, Ethiopia. Overall, children <5 years of age represented 21% of reported measles cases among refugees in the camps, much less than the 78% reported in the concurrent outbreak among the general population in Somalia [6] . This difference was likely due to differences in population age structure, higher coverage with routine measles vaccination among refugee children <5 years of age upon arrival in camps, initial ORI in 2011 targeting children in the camps, lack of rapid ORI covering all areas affected by the outbreak in Somalia, and potential reporting bias in Somalia from the surveillance system based on passive case finding and primarily focused on children.
In Dadaab and Dollo-Ado, unvaccinated women ≥15 years of age were the most affected population subgroup. The outbreak of measles disproportionally affected refugees who had arrived in 2011. The measles outbreaks described here were likely imported from Somalia, followed by sustained measles virus transmission in the camps among newly arriving measles-susceptible refugees, including adolescents and adults, from Somalia [6] .
During the sudden massive influx of new refugees to the camps in 2011, refugees generally arrived in poor health, often malnourished, after walking for weeks with no food or services [16, 17] . As in previous massive sudden population movements, governments, local actors, and the international community were challenged to provide sufficient, appropriate, and timely services (eg, protection, registration, water and sanitation, shelter, food, health, nutrition, and education) and to harmonize and coordinate their response policies. Further exacerbating the effects of the measles epidemic, the camps in Dadaab and Dollo-Ado were overcrowded because of a lack of space, very high global acute malnutrition rates among children <5 years of age (50.6% in Dollo-Ado, Ethiopia and competing public health priorities, such as the high risk of cholera, malaria, and other transmissible diseases prevalent in Somalia.
The lack of transit centers at the Kenya and Ethiopia borders, where screening for and isolation of refugees with active measles cases could be performed, likely contributed to measles virus importations and transmission in the refugee camps. In addition, the reluctance of local authorities to establish new camps resulted in camp overcrowding and registration difficulties. In Dadaab, a new camp was finally opened in September 2011, and in Dollo-Ado, the government provided land for camps, but the sudden massive influx made it difficult for the UNHCR and other partners to build the camps as quickly as was needed. Thus, the so-called transit camp became, by need, a permanent one and registered the highest AR. The previously existing Melkadida and Bokolmanyo camps hosted few new arrivals during the outbreak and had the lowest ARs. In Dadaab, the highest ARs were recorded in Dagahaley, the camp that received the most new arrivals, and in Kambioos, the camp opened to host new refugees.
ORI activities in the complex environment of Dadaab and Dollo-Ado initially focused on standard outbreak response methods, targeting children 6 months-14 years of age [12] . The outbreak was known to be affecting adolescents and adults ≥15 years of age early on (ie, by week 27); however, lack of a policy agreement on vaccinating broader age groups and limited supplies of vaccine prevented the adaptation of vaccination targets to the epidemiological profile of the outbreak. In September 2011, governments and relevant agencies signed a policy agreement to procure additional measles vaccine and to expand measles ORI to include adults up to 30 years of age. This age cut off was agreed to on the basis of the characteristics of the outbreak and vaccine availability. Implementation of the policy agreement to extend ORI to adults apparently contributed to ending the outbreak; however, the failure to vaccinate adults earlier in the outbreak might have resulted in higher ARs and CFRs.
The surveillance data used for this analysis had limitations. Specimen collection and laboratory testing was limited; therefore, misclassification of some cases might have occurred. Not all measles cases and deaths were reported, because of lack of trained human resources; poor health-seeking behavior of refugees, particularly among new arrivals; and competing priorities for resources dedicated to surveillance for other diseases, such as fever and diarrhea. Therefore, measles ARs and CFRs were likely underestimated. In particular, age-and sex-specific CFRs should be interpreted with care. Age-specific ARs could not be calculated because of a lack of reliable population estimates by age group. Variability among camp-specific ARs and CFRs might have occurred because of differences in the completeness and reliability of the surveillance system population data in each camp. More-reliable AR and CFR estimates can be obtained by exhaustive community-based survey of households [18] ; however, because of limited human and financial resources, this method was not implemented.
Current UNHCR measles immunization policy in protracted camps (defined as a camps with a refugee population of ≥25 000 living in exile for ≥5 years) consists of applying the immunization policy of the host country, which generally follow WHO recommendations to provide 2 doses of measles-containing vaccine to all children through routine services and periodic supplemental campaigns [19] . The UNHCR policy for vaccinating new arrivals is determined on a country-by-country basis and typically includes measles vaccination of children aged 6 months-14 years. In the future, measles outbreak preparedness and vaccination response plans should include ORI strategies that are based on the age distribution of the cases in the outbreak, using expanded age groups that include adolescents and adults, if needed. Authorities of countries hosting refugees and the organizations that provide vaccination support should have measles outbreak response preparedness plans that include these policies, as well as contingency plans for vaccine supply procurement, to avoid shortages and ensure a rapid outbreak response.
Notes
